Abstract -RADARSAT-2 is an advanced Synthetic Aperture Radar satellite scheduled for launch in 2003. The satellite will be equipped with an active phased array antenna which will be used to provide a wide variety of beams and modes, including all the beams and modes of RADARSAT-1 and additional Ultra-fine resolution, dual and quad-polarimetric modes. The large number and variety of modes presents a major calibration challenge and, because the satellite is intended for operational use, efficient means for achieving and maintaining this calibration are essential. This paper identifies the three principal types of target which are planned for use in achieving radiometric, polarimetric, geo-location, and other types of calibration for RADARSAT-2, and describes how the data will be analyzed to generate the required calibration information.
I. INTRODUCTION
The RADARSAT-2 Synthetic Aperture Radar (SAR) [1] is designed to perform imaging with a large variety of modes, each with multiple beams spanning a wide range of imaging angles. The satellite will also be capable of performing routine roll manoeuvres to allow any of these beams and modes to be used for imaging either to the left or right of the satellite track, and it is anticipated that the imaging characteristics will not be identical in the two orientations. Most imaging can be performed either in single-or dualpolarization configurations, and full polarimetric data can be generated with a series of Quad-Polarization Beams. In total, there will be more than 200 different beams, all with multiple polarizations and some with multiple bandwidth options. All of these beams and modes need to be calibrated, and the aim is to have completed the initial calibration within the first year of the mission and to maintain it for the duration.
In order to provide calibrated data for the operational mission, it is essential that efficient calibration methods be developed. Three principal types of calibration target have been selected for the mission, and analysis techniques have been defined and developed to allow these data to be converted into calibration data which can routinely be incorporated into the image production. The next section outlines the principal types of calibration which are planned for the mission, and the final section describes the three types of target and how they will used in the calibration operations.
II. FORMS OF CALIBRATION

A. Radiometric Calibration
The radiometric calibration procedures are designed to achieve radiometric consistency within each image, or between any pair of images with any modes, and to provide radiometric information on a scale which is related to an absolute measure.
Internal calibration data provide a measure of gain variations within the sensor electronics, and so the principal factors which must be measured through external calibration are the elevation gain pattern of the beam and absolute gain of the system. The calibration information for these factors will be included in the Payload Characterisation Parameters File (PCPF) which is used in processing.
Although there are potentially more than 200 beams to calibrate, compared with just 16 for RADARSAT-1, most of the additional beams are focused in elevation and therefore less subject to distortion. In order to reduce the set of measurements required to achieve calibration, an attempt will be made to tune the antenna software model to match the measurements from a subset of the beams. If the model demonstrates accurate prediction of other beams, it will be used to generate calibration information for beams which have not been measured. These data will be refined using subsequent measurements.
B. Polarimetric Calibration
The polarimetric calibration procedures are designed to provide measurements of the imbalance between H-and Vpolarised signals and the cross-talk terms on transmission and reception (separately). These six parameters need to be determined as functions of elevation angle across each beam, and where the same beam is used with more than one bandwidth of signal, separate calibration is required for each bandwidth. The calibration information is provided to the processor in the form of a polarimetric correction matrices, which are included in the PCPF.
In addition, as a preliminary to the measurement of polarimetric distortion parameters, any registration error between the signals received on the two polarisation channels will be measured, and correction information will be included in the PCPF. There are more than 20 Quad-Polarisation Beams for leftlooking imaging, and the same number for right-looking, and each beam can be used with at least two bandwidths of signal. Although the polarimetric characteristics from a subset of beams will be examined to try to identify any systematic characteristics which can be used to predict parameters for other beams, provision will be made for calibration measurements to be made separately for each beam and bandwidth.
C. Geolocation Calibration
The geolocation calibration procedures are designed to identify and characterise any systematic errors in the geographic location information in images, and to determine any correction factors to be applied in image generation. If any corrections are needed, it is not anticipated that they will be beam-dependent.
D. Point Target Calibration
The point target calibration procedures are designed to optimise the range focusing of the processor. The outcome of the calibration will be a decision on the routine method for generating the range reference function (either from fixed coefficients or from pulse replicas), and data defining the coefficients or any replica correction function. Calibration data will be generated separately for each bandwidth, but it is not anticipated that it will be beam-dependent.
III. CALIBRATION TARGETS
Three distinctly different types of target have been identified for use in RADARSAT-2 calibration. The first are areas of natural distributed target with well-characterised radiometric and polarimetric characteristics. The second type are accurately located man-made point targets. The third type are ground units designed to provide specific measurements to characterise the active phase array antenna. The following subsections describe each of these targets and explain their role in the calibration.
A. Amazon Rain Forest
The Amazon rain forest is an area of distributed target with a thick vegetation cover which has been identified as having stable backscatter. Within the larger area of the Amazon, a specific area of particular uniformity and stability has been used for RADARSAT-1 radiometric calibration. The features of the rain forest which are of value for calibration purposes are its well-characterised C-band backscatter levels and its azimuthal symmetry. Because the Amazon has a large twodimensional extent, it allows calibration measurements to be performed as a function of elevation angle across the beam, and for a series of beams in succession in a single pass.
It is planned to use the Amazon rain forest as the principal target for radiometric and polarimetric calibration imaging for RADARSAT-2. In all calibration analysis of either type, areas of visible inhomogeneity will be excluded before analysis is performed. In addition, multiple measurements will be performed with each beam to allow any bad measurement points to be removed, and to reduce statistical variations in the measurements.
In the radiometric calibration operations, the Amazon images will be used to estimate the elevation beam pattern for each beam and to determine the absolute gain of the system. Measurements over a period of four years with the RADARSAT-1 sensor (documented in [2] ) show that absolute mean levels are predictable to less than 0.2 dB rms. This takes into account the systematic differences which have been identified between measurements taken in the morning (RADARSAT descending passes) and the evening (ascending), and the annual variation, both of which are visible in the RADARSAT results shown in Fig. 1 . Orbit no.
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Fig. 1. Amazon radiometric stability
In the polarimetric calibration operations, QuadPolarization images will be used to determine the polarimetric distortion parameters (two complex H/V imbalance and four complex cross-talk terms) as functions of elevation. The analysis performed on the four-channel data is based on basic polarimetric covariance characteristics of the Amazon, as explained in [3] . Experiments with this approach applied to uncalibrated C-band polarimetric data from SIR-C demonstrates that extremely consistent estimates of the polarimetric distortion parameters can be obtained from spatially diverse blocks of about one million image points. The plots shown in Figs. 2 and 3 show H/V imbalance amplitude and phase estimates for seven independent image segments spanning a distance of about 800 km in a SIR-C pass. Estimates from each segment were obtained for 16 across-track positions (shown on the horizontal axis). The standard deviations of the imbalance amplitude and phase at each angle were less than 0.02 dB and 0.2 degs respectively.
B Point Targets
The RADARSAT-2 calibration plans include the use of point targets in a number of functions. At the time of preparation of this paper, the final decision on the number and type of targets has yet to be made, but it is anticipated that at least two transponders will be built for the mission. In addition, it is hoped that existing passive targets can be used to allow measurements and checks to be performed over a wider range of latitudes. Essential functions which the point targets will be used for include:
• Impulse response calibration by adjustment of the focusing to optimise the response characteristics.
• Geolocation calibration by measurement of the error components in the target location data.
• Polarimetric channel registration by measurement of the positions of the impulse response peak in each channel. In addition, if the point target radiometric and polarimetric signatures can be shown to provide information which will enhance the respective calibration data derived from Amazon measurements, they will be used additionally in those calibrations.
C. Ground Receiver/Transmitters
The third planned type of calibration target is designed specifically for characterisation of the active phased array antenna. Although alternative concepts are still under consideration, the current plan is to built a pair of units which will be able to operate in either a receive or a transmit mode, each covering just a one-way path from or to the radar. For these operations, individual T/R modules on the RADARSAT-2 antenna will be activated in succession either to transmit or receive a CW signal. The signals recorded either in the ground unit or by the radar will be analysed to determine the relative amplitudes and phases of the various T/R modules on transmit and receive. This analysis will take into account the phase variations introduced by the satellite motion relative to the ground unit, and due to the location of the module within the antenna array.
The T/R module phase and amplitude values provide information on the antenna mechanical distortion and electrical error distribution, which will be used in the beam pattern modelling for radiometric calibration. If the beam patterns are found to be significantly different from the intended patterns, these data will also by used to identify the causes and as input to work to resynthesise the beams.
